INTRODUCTION
Recently, various educational courses focusing on creativity, hereafter called "creativity education", have been conducted in engineering education [7, 9] . In creativity education, students experience creative activities such as fabricating a robot or building a bridge of straws, helping them to acquire both a creative attitude and engineering knowledge. We believe that such creativity education is crucial not only in engineering education but also in general education. In this study, we designed a learning environment to foster participants' creative attitude in general education and evaluated its effectiveness. In this learning environment, the participants experienced the following two activities.
Activity 1: Experience of Complex Creative Activities
The first activity involves the participants experiencing complex creative activities such as producing a creative object that can move. We employed a tool called "Mindstorms," which is one of the most popular consumer robotics kits produced by LEGO Co., Ltd. The advantages of using Mindstorms are as follows: (1) expertise in engineering is not needed, and (2) the cost of reconstructing the product is relatively low (the participants can freely rebuild their objects as many times as they want). Therefore, using Mindstorms as a tool enables the participants to consider and embody their ideas relatively easily. The participants in our learning environment are challenged to use Mindstorms to produce a creative object that can move.
Activity 2: Reflection on One's Own Creative Process
In the field of learning science, the importance of metacognitive activities such as self-reflection, selfexplanation, and self-regulation has been suggested [3, 4, 5] . In fact, empirical studies have confirmed that metacognitive activities promote learning in various domains such as physics education [6] and programming education [2] . Furthermore, in the field of design education, the importance of metacognitive activities such as selfreflection has also been suggested [15] , and some practical studies that intended to foster reflective activities in design have been conducted [1, 14] .
This second activity involves the participants reflecting on and evaluating their own creative processes. The effects of the reflective activities are as follows: (1) reflective thinking encourages participants to realize the characteristics of their own creative processes and (2) the experience of reflection leads the participants to learn the importance of metacognitive activities. To carry out this activity, the participants are given a diagram describing their creative processes as a base for their reflection. They are asked to reflect on their creative processes while adding Permission to make digital or hard copies of all or part of this work for personal or classroom use is granted without fee provided that copies are not made or distributed for profit or commercial advantage and that copies bear this notice and the full citation on the first page. To copy otherwise, or republish, to post on servers or to redistribute to lists, requires prior specific permission and/or a fee. detailed information to the diagram, and then they are requested to discuss and evaluate their creative processes.
OVERVIEW OF THE EDUCATIONAL PROGRAM
Sixteen undergraduate students, not majoring in engineering, participated in our educational program as part of a university class. None of them had any experience using Mindstorms. The participants were divided into five groups, four of which comprised three participants and one of which comprised four participants.
The educational program consisted of three main phases and seven sub-phases ( Figure 1 ) that included seven sessions of class. Each class session lasted for one-and-ahalf hours and was performed at intervals of one week. In Phase 1.1, the participants were given an instructional manual to study the basics of Mindstorms. The participants learned the basics of Mindstorms by using the manual and subsequently constructed a moving car with four wheels by using Mindstorms. In Phase 1.2, the participants freely modified the car constructed in Phase 1.1 for the creative activity exercise in Phase 2. In Phase 2, the participants were given the mission to use Mindstorms to produce creative playground equipment that could move by using the following three procedures in each class session. (1) Idea generation (20 minutes). Each participant was required to consider an idea for the playground equipment as a homework assignment, and in this session, the participants discussed their ideas and decided what to produce, recording ideas on the idea sheet. (2) Idea embodiment (60 minutes). The participants tried to embody the playground equipment they had considered. One member of each group was assigned the role of a recorder. The recorder took pictures of his or her own group's process of establishing the product with a digital camera. The job of recorder was rotated every twenty minutes. These activities were performed only in the class. (3) Discussion (10 minutes). In this session, the participants discussed advantages and disadvantages of their creative processes, listing their evaluations on the evaluation sheet. At the beginning of Phase 3, the participants were given a diagram describing their creative processes as a base for their reflections. The first author drafted all of the diagrams, and Figure 2 shows an example of them.
The diagrams consisted of the following three elements: (a) ideas that they considered in homework (Figure 2 (I)), (b) ideas that they decided to produce in Phase 2 (1) (Figure 2 (II)), and (c) the three most important photographs that the recorder took in Phase 2 (2) (Figure 2 (III) ). In Phase 3.1, the participants reflected on their creative processes and added the following two types of information to the diagram: (a) activities to modify their ideas or products (from Figure 2 
Pre-and Post-tests
Before and after the educational program, we conducted pre-and post-tests to evaluate the effectiveness of our program.
EVALUATION OF THE EDUCATIONAL PROGRAM
First, we introduce each of the finished products that the participants actually constructed. Figure 4 shows photographs of their products and summaries of the playground equipments' movement. All groups were able to embody their ideas and all products could actually move.
We then discuss what and how the participants learned through our educational program.
Analysis of Learning Outcome
We discuss what the participants learned through the experience of creative activities and the reflection on their creative processes.
Analysis of the General Discussion
First, we discuss what the participants reflected on in terms of their own creative processes by analyzing the contents of their general discussions in Phase 3.2. Table 1 shows the items of the participants' activities that each group member referred to as advantages or disadvantages, which were also highlighted during the discussions in Phase 3.2. Each item was categorized into one of the following four types: (a) idea generation, such as generating as many ideas as possible, actively modifying ideas, and so on, (b) idea embodiment, including trying to embody ideas in a trial and error manner, analyzing results of the embodiment in detail, and so on, (c) collaboration, such as actively communicating with each other, defining each member's role, and so on, and (d) affective factors, including doing one's best, never giving up, and so on. Table 2 also shows items that should be considered carefully throughout the activity. For instance, the participants' positive evaluations of their creative processes, such as "we could actively generate ideas," or "we could embody our work while considering the work's appearance," were categorized as advantages. Conversely, their negative evaluations, such as "we could not generate ideas globally," or "we could not focus on the feasibility," were categorized as disadvantages. Table 1 indicates that the participants mentioned several processes of idea generation, idea embodiment, and collaboration in the discussions in Phase 3.2. Table 2 indicates that they also discussed many points in the creative activities, such as feasibility or the number and types of parts variously. These results indicate that the participants variously reflected on and evaluated both advantages and disadvantages of their creative processes and the viewpoints they considered to be important for creative activities.
Changing the combination of gears 
Analysis of Pre-and Post-tests
Here, we discuss what the participants learned through our educational program by comparing the pre-and post-tests that we carried out before and after the educational program. In these pre-and post-tests, the participants were asked to propose ten activities that they considered to be important in general creative activities. These tests lasted for about fifteen minutes. The participants' answers in each test were categorized into the following six types based on the same criteria used in the analysis of the general discussions: (a)
Group A: The playground equipment rotates horizontally and swings up and down.
Group B: The playground equipment rotates horizontally and vertically.
Group C: The playground equipment runs, swinging the seat back and forth.
Group D: The playground equipment rotates horizontally and swings from side to side.
Group E: The playground equipment spins horizontally. Table 3 shows the contents of the four categories above. Table 3 indicates increases in the proportions of items mentioned in the general discussions (see Table 1 ), such as unifying ideas, changing ideas, and modifying ideas. Additionally, the proportions of items that were not Prior studies have suggested the importance of the interaction between the mental and external operations in creative activities [11, 12] . The heuristics the participant learned may promote such interaction.
Analysis of Learning Processes
We confirmed the effectiveness of our educational program through an analysis of the participants' learning outcomes. Next, through an analysis of learning processes, we discussed how the participants learned them.
Characteristics of Reflective Processes
In our educational program, the participants reflected on their creative processes, which lasted for about six hours. In such a situation, if the participants are given no information on their processes, they may forget their own detailed processes and reflect on incorrect processes. In the educational program, as a homework assignment, each participant was required to reflect on his or her creative processes and list these processes on a sheet. Table 4 shows the relationship between improvements listed by each member of Group C in the homework assignment and improvements listed in the construction of the diagram in Phase 3.1. Each improvement listed in Table 4 (from improvement #1 through improvement #7) corresponds to each of the improvements listed in Figure 2 (from Figure 2 (1) through Figure 2 (7) ). These listed improvements were categorized into the following three types: (a) correct identifications, such as improvements on which the participants reflected correctly in the homework assignment, (b) incorrect identifications, such as improvements on which they reflected incorrectly in homework assignment, and (c) missed identifications, such as improvements on which they could not reflect in the homework assignment.
The results indicate that if the participants had been given no information on their processes, they would have forgotten their own detailed processes and reflected on incorrect processes. On this point, we analyzed the participants' processes of reflection in Phase 3.1 and confirmed the following two characteristics of their processes: (1) the participants revised their incorrect identifications (e.g. improvement #1) by discussing while referring to the diagram and (2) they discussed and shared information on processes on which only some members reflected (e.g. improvement #1 and from #4 through #7). Figure 6 summarizes the reflective activities of Group C about improvement #1 in Table 4 . First, a participant B pointed at the diagram ( Figure 6 (I)) and explained that they modified a mechanism at this point (verbalizations #36). However, this explanation was incorrect. In fact, they modified the mechanism at another point in Figure 6 (II). Next, a participant A required B to provide further explanation (#37), and B explained it in detail remembering the processes of modification (#38). Then, A pointed out the mistake by B on the basis of the information in the diagram (#41) (Figure 6 (II) ). However, B could not accept the indication, and further discussion was continued (from #42 through #45). After that, B realized his mistake on his own (#46), referring to the diagram ( Figure 6 (III) ). Thus, correct information on improvement #1 was shared with all group members.
This case suggests that they could realize the characteristics of their creative activities in detail by explaining and evaluating each other's identification of processes. Moreover, it is also suggested that information in the diagram served as a cue for retrieval or as evidence of evaluation.
DISCUSSION
In this section, on the basis of the results of our educational program, we discuss how we should design and improve a learning environment to foster creative attitudes.
Experience of Complex Creative Activities

Scaffolding to Support Creative Activities
Using Mindstorms as a tool enables learners to consider and embody their ideas relatively easily; nevertheless, constructing products using Mindstorms requires learners to have basic mechanical knowledge such as how to construct a mechanism and how to program an algorithm. In such a situation, a teacher has to provide the learners with basic knowledge of Mindstorms and step-by-step exercises before they can engage in creative activities. In our educational program, we provided the participants with scaffolding to experience complex creative activities. Scaffolding is an external support that enables a learner to achieve a goal that could not otherwise be reached. In the field of learning science, the importance of scaffolding for learners' activities has been discussed [10, 13] . In the educational program, we gave the participants step-by-step goals for their creative activities, such as acquiring basic knowledge of Mindstorms (Phase 1.1), constructing a moving fourwheeled car (Phase 1.1), and modifying that car (Phase 1.2), before they attempted the main task of producing creative playground equipment (Phase 2). In such experience-based creativity education, a teacher should provide the learners with not only a goal but also scaffolding that encourages creative activities. We must have planned the gear-drive mechanism at this point, since the speed of rotation was too fast (he points at (I)). 45 A We modified it at this point (he points at (II)). 46 B I realized that we planned the gear-drive mechanism, since the speed of rotation was too fast at this point (he points at (III)). 47 A We needed to control the speed of rotation at this point (he also points at (III)). 
Providing Information on Creative Processes
We confirmed that the participants explained and evaluated their processes on the basis of the information in the diagram and that they could realize the characteristics of their creative activities more deeply. In contrast, we confirmed that if the participants had been given no information on their processes, they would have forgotten their own detailed processes and reflected on incorrect processes. Hershkowitz and Schwarz [8] confirmed such a phenomenon, referred to as purification, in their educational program in mathematics. In our educational program, we gave the participants a diagram describing their creative processes for their reflective activities in Phase 3. By doing so, they could correctly reflect on their creative processes in detail. However, excessive information may hinder learners' spontaneity. Our study implies that it is important, when having the learners reflect on their own processes, to provide only basic information that serves as a cue for their retrieval and discussion.
Increasing Opportunities for Reflective Activities
In our study, we expected two kinds of effects of the reflective activities: (1) reflective thinking encourages participants to realize the characteristics of their own creative processes, and (2) the experience of reflection leads the participants to learn the importance of metacognitive activities. As for the first point, the participants actually learned various heuristics for general creative activities and realized the importance of them throughout our educational program. As for the second point, however, none of them realized the importance of the metacognitive activities they experienced, such as reflection and evaluation. One reason for this might be that the participants experienced reflective activities by using a diagram only once. This observation suggests the importance of increasing the opportunities for reflective activities and leading learners to apply their experiences to other creative activities in various domains.
CONCLUSIONS
In this study, we designed a learning environment to foster participants' creative attitudes and evaluated its effectiveness. This learning environment consisted of two activities: (1) experience of complex creative activities, and (2) reflection on one's own creative process. First, through an analysis of the participants' learning outcomes, we investigated what the participants learned and thus confirmed the effectiveness of our educational program. Second, through an analysis of the participants' learning processes, we investigated how the participants learned them, and the results suggest that it is important, when having the learners reflect on their own processes, to provide basic information that serves as a cue for retrieval or as evidence of evaluation.
